Recent work in blind human subjects has confirmed the presence of a non-visual ocular photoreceptive mechanism similar to that described in blind mice. This system appears to subserve circadian photic entrainment, the pupillary light response, and a number of other aspects of neurophysiology and behavior.
In 1923, a first year Harvard graduate student named Clyde Keeler was given the assignment of comparing histological specimens from the eyes of several vertebrates. Keeler had caught some wild mice in his dormitory room at the Busey Institute and was breeding them as a hobby. He sacrificed one of these mice for his project. His advisor, Samuel Detwiler, was furious when he saw the sections, which were devoid of all photoreceptive rods and cones. Assuming that Keeler had badly botched the sectioning. Detwiler threatened to expel him from the graduate program [1] . Keeler, however, astutely realized that this was not a histological artifact; his mice had indeed lost their photoreceptors [2] . He soon showed that these mice inherited their retinal degeneration as a recessive allele of a single gene (which he called rodless [3] , allelic to the modern rd mutation). Keeler also realized these mice phenocopied the human disease retinitis pigmentosa.
Three years later, Keeler published a remarkable paper, entitled 'Iris movements in blind mice', in which he demonstrated that the rodless mice -although apparently visually blindcontinue to show pupil constriction in response to light [4] . Keeler wrote:
''.we may suppose that a rodless mouse will not see in the ordinary sense. Nevertheless, we can imagine the possibility of other forms of stimulation by light, such as through absorption by pigment cells, the contraction of the iris, or direct stimulation of the internal nuclear or ganglionic cells in the case of absence or faulty development of the external nuclear layer or of the rods. '' In the intervening years, other important light-dependent phenomena were shown to be preserved in blind mice lacking rods and cones, including synchronization of the circadian clock to light-dark cycles and suppression of production of melatonin from the pineal gland by light observed at night [5, 6 ]. Keeler's prediction of intrinsically photosensitive retinal ganglion cells was borne out in 2002 when David Berson and colleagues identified a small subpopulation of retinal ganglion cells that responded directly to light [7] . These cells were soon found to employ melanopsin -a novel opsin originally described in the dermal melanophores of frogs [8] -as their photopigment [9, 10] . Subsequent work has demonstrated that intrinsically photosensitive retinal ganglion cells project specifically to the areas of the brain subserving these non-visual, light-dependent phenomena -the suprachiasmatic nucleus for circadian synchronization, and the olivary pretectum for the pupillary light response [11] . In vitro electrophysiological studies have demonstrated that macaque monkey retinas also have intrinsically photosensitive retinal ganglion cells [12] , although interestingly (and as far as we know, unlike in rodents) these cells also project to the visual centers of the lateral geniculate nucleus. This raises the important question: do we humans have and utilize a non-visual light-sensing pathway?
Several previous studies have suggested that humans do possess a non-visual photoreceptive pathway. The pupillary light response shows persistence under continuous bright illumination, a property conferred on the rodent pupillary light response by melanopsin [13] . Some individuals with 'no-light-perception' blindness (but with intact ganglion cells) have demonstrated light-dependent suppression of serum melatonin [14] . The action spectrum for this suppression in sighted individuals -that is, the relative potency of different colors of light -matches the action spectrum of the intrinsically photosensitive retinal ganglion cell, with a peak absorption of w480 nm [15, 16] . This corresponds to the peak absorption of no known cone or rod opsin, but matches the spectrum of melanopsin when expressed in Xenopus oocytes [17] . Several no-light-perception blind individuals have previously demonstrated photic resetting of the circadian pacemaker as well [18] .
As reported very recently in Current Biology, Zaidi and colleagues [19] studied a number of non-visual photoresponses in two patients with no-light-perception blindness due to degeneration of the rods and cones -the human equivalent of Keeler's mice. Both individuals showed intact circadian entrainment to light-dark cycles as measured by wrist actigraphy, a method for continuously monitoring motor activity. In the first individual, circadian entrainment was confirmed by around-the-clock measurements of melatonin levels. This individual showed robust suppression of serum melatonin by light at night. In the second subject, quantitative pupillary light response measurements to different monochromatic lights were obtained, yielding an action spectrum that clearly matched the melanopsin template. This is a landmark result -the finding that the action spectrum for a non-visual phenomenon in a blind subject matches the melanopsin template is the strongest evidence to date that the intrinsically photosensitive ganglion cell mechanism is functional in humans.
Perhaps the most intriguing aspect of these new findings [19] is the suggestion that other aspects of physiology and behavior are influenced by the non-visual system. The first subject showed increased alpha-wave electroencephalogram activity during wakefulnessthought to be indicative of alertness -under blue light exposure. This experiment potentially carries a remarkable conclusion: blue light (of which we are not conscious) may be influencing our alertness. Additional data from this subject suggested that auditory reaction and subjective sleepiness may also have been differentially influenced by blue and green lights. The second subject was asked to detect the presence of light of different wavelengths despite not being consciously aware of the light. The subject appeared to specifically recognize light of w480 nm. While it would be ideal to see an action spectrum for this effect (as the subject was given equal photon flux for each wavelength), this raises the intriguing possibility that -similar to the results for alertness with blue light -individual behavior may be subconsciously influenced by the non-visual photoreceptive system. A similar phenomenon, called 'blindsight', has been documented in individuals with complete cortical blindness (who presumably have the non-visual subcortical pathways intact), in which they are shown to be aware of objects they cannot see. While both the 'alertness' and 'awareness' experiments must be repeated in more blind individuals, these preliminary data do suggest that the non-visual photoreceptive system has protean subconscious functions in humans.
The study has potential clinical ramifications as well. Seasonal affective disorder -typically a form of depression that occurs during the winter months at northern or southern latitudes during short days -responds to light therapy, particularly blue light. The target cell for this therapy may therefore be the intrinsically photosensitive ganglion cell. Patients with eye diseases that presumably affect the intrinsically photosensitive ganglion cells, such as glaucoma, thus may be at greater risk for psychiatric, circadian and sleep disorders than individuals blind from other causes, as has been suggested in field studies of blind children [20] . If the results suggesting that alertness and cognitive function are influenced by the non-visual system hold true in larger studies, this would suggest that the health of the eye may influence mental health and function in ways previously unappreciated.
